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, $u$ $t,$ $x$ , $S^{1}=\mathbb{R}/2\pi \mathbb{Z}$ 1









1 $(L^{2}, H^{2}, \cdots)$
. , ,
lKdV $\urcorner \mathrm{p}$ , [17].

















Bourgain [1], Kenig-Ponce-Vega [13], Colliander-Keel-
Staffilani-Takaoka-Tao [7] , $\mathrm{K}\mathrm{d}\mathrm{V}$




$S_{KdV}(t)$ , $S_{KdV}(t)$ : $u_{\mathit{0}}rightarrow$
$u(t)$ ; $H_{\mathit{0}}^{s}arrow H^{\mathrm{l}}H_{0}^{s}$ $s\geq-1/2$ . $[6, 8]$
, $s\geq-1/2$
2 (1) Galilei $(t, x)rightarrow(t - u0(\wedge 0)x, x)$ , ,
$k=0$ $\mathit{0}$ .
111
, $S_{KdV}(t)$ $t\in \mathbb{R}$
.
$s<-1/2$ [3, 4,








, (2) $\{u_{t}, v\}$
(4) $\mathrm{d}H[u](v)=\frac{d}{d\epsilon}|_{\epsilon=0}H(u+\epsilon v)=\omega(-u_{xxx}+6uu_{x},$ $v)$



















$P_{\leq N}H_{0}^{s}=\{u\in H_{0}^{s}|\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}u\wedge\subset\{|k|\leq N\}\}$










. $H_{B}$ (3) (4)
.
, $(P_{\leq N}H_{0}^{-1/2},\omega)$ ,
(5) $S_{BKdV}(t)$
3 (5) [1, 7, 13] .
113
.2.3.
. $P_{\leq N}u=\chi_{\leq N^{*}}\vee$
$u$ . , $\chi\leq N$ $|\xi|\leq N$
$\chi_{\leq N}(\xi)=$
, $P_{=0},$ $P_{\leq\sqrt{N}}$ .
.
1. $s\geq-1/2,$ $T>0$ , $N>0$ .
$|k|\leq N$ , $\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}u_{0}\wedge\subset\{|k|\leq N\}$ .
, $|t|\leq T$ .
$||P_{\leq\sqrt{N}}(S_{KdV}(t)u_{0}-S_{BKdV}(t)u_{0})||_{H_{0}^{*}}\sim<N^{-\sigma}$
, $\sigma>0$ $N$ , $s$ .
, Gromov [9] ,
non-squeezing theorem .
Gromov non-squeezing theorem. $(\mathbb{R}^{2N},\omega_{0})$




$R\leq r$ . , $B_{R}$ $R$ , $\Pi_{r}$
$r$ .
$N$
$B_{R}=\{(p,$ $q)\in \mathbb{R}^{2N}|p=(p_{1},$ $\cdots)p_{N}),$ $q=(q_{1},$
$\ldots,$ $q_{N})) \sum_{i=1}(p_{i}^{2}+q_{i}^{2})\leq R\}$




mov non-squeezing theorem , $\mathrm{K}\mathrm{d}\mathrm{V}$
non-squeezing theorem .
(non-squeezing theorem). $k_{0}\neq 0$ $T>0$ .
, $S_{KdV}(T)(B_{R})\subset\Pi_{r^{0}}^{k}$ , $R\leq r$ .
, $R>r$ , (1) $u(t)$
.
$||u(0)||_{H_{0}^{-}}1/2\leq R$ , $|k_{0}|^{-1/2}|\overline{u(T)}(k_{0})|>r$
, $B_{R}$ $H_{0}^{-1/2}$ $R$
$B_{R}=\{u\in H_{0}^{-1/2}|||u||_{H}-1/2\leq R\}$
, $\Pi_{r^{0}}^{k}$ $H_{0}^{-1/2}$
$\prod_{r}^{k_{0}}=\{u\in H_{0}^{-1/2}||k_{0}|^{-1/2}|u(\wedge k_{0})|\leq r\}$
- [8] .
3.
, 1 (5) (
(14) ) .
,
Kuksin $[15, 16]$ , $\backslash \nearrow\backslash \mathrm{n}$ Bour-
gain $[2, 4]$ . , ( ,
) ,
115
. , [2] , $\backslash \sqrt[\backslash ]{}2_{-}$
,
$B$ $P_{\leq N}$
. , $\mathrm{K}\mathrm{d}\mathrm{V}$ ,





, $\mathrm{K}\mathrm{d}\mathrm{V}$ ‘$\sqrt$‘ $\mathrm{n}$
. ,
. $\mathrm{K}\mathrm{d}\mathrm{V}$ $2uu_{x}=(u^{2})_{x}$









$(|u|^{2}u \mathrm{x}k)=\sum_{k=k_{1}+k_{2}+k_{3}}u(\wedge k_{1})^{\frac{\wedge}{u}}(k_{2})u(\wedge k_{3})$
, 3
116
. , (7) $k_{1}+k_{2}=0$ $\backslash \grave{\nearrow}=-$
$L^{2}$- ; $||u(t)||_{L^{2}}=||u(0)||_{L^{2}}$





). , ${}^{\backslash }\grave{\sqrt}=$
$L^{2}$













, $M_{B}’(v)$ $v\in H^{1/2}$ M .
$\underline{M_{B}’(v)f=f_{x}+2B}(1-P_{=0})(vf)$ : $H^{1/2}arrow H_{\mathit{0}}^{-1/2}$










3. $v\in H^{1/2}$ $N$ . , $M_{B}’(v)$
. , .
$||M_{B}’(v)^{-1}f||_{H^{1/2}}\leq C||f||_{H_{0}^{-1/2}}$
, $C$ $||v||_{H^{1/2}}$ .
1 , $N^{-\sigma}$ 1 ,
$M_{B}$ $P_{\leq\sqrt{N}}$ . 3




(8) ( $B=\mathrm{I}dentity$ ) $\mathrm{K}\mathrm{d}\mathrm{V}$
(9) $w_{t}+W_{XXX}=6w_{x}(1$ – $P_{=0})(w^{2})$
.
2. $s\geq 1/2T>0$ , $N$ .
, $v(0)=w(0)$ $\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}\overline{v(0)}\subset\{|k|\leq N\}$ , (8)
$v(t)$ (9) w( , 5.
$\underline{||P_{\leq\sqrt{N}}(v(t)-w}(t))||_{H^{1/2}}\sim^{N^{-\sigma}}<$ , $0\leq t\leq T$
5 (8) (9) [1, 7, 13] .
118
33. 2












, $Y_{T}^{s}$ , $Z_{T}^{s}$
–* $=$. .
[1, 7, 13] , $s\geq 1/2$ .
(12) $||w_{x}(1-P_{=0})(w^{2})||z_{T}^{\epsilon}\sim<||w||_{\mathrm{Y}_{T}^{s}}^{3}$










$P_{\leq\sqrt{N}}$ ( $v_{x}$ ( $B$ –1) (1 $-P\neq 0)(v^{2})$ ) $(k)$
$=$ ( $\sum$ $+$ $\sum$ ) $\chi_{\leq}\sqrt{N}(k)ik_{3}(b(k_{1}+k_{2})-1)\hat{v}(k_{1})\hat{v}(k_{2})\hat{v}(k_{3})$
resonance non-resonance
, $k=k_{1}+k_{2}+k_{3}$ , resonance
$(k_{1}+k_{2})(k_{2}+k_{3})(k_{3}+k_{1})=0$, non-resonance ea $(k_{1}+k_{2})(k_{2}+$
$k_{3})(k_{3}+k_{1})\neq 0$ .




, . , reSOnanCe
.
resonance , $b(k_{1}+k_{2})$ –1 , 1 $k_{1}+$
$k_{2}|\sim>N$ . , $|k|\leq\sqrt{N}$ $|k_{1}+k_{2}|\sim>N$ ,
$k_{2}+k_{3)}k_{3}+k_{1}$ $0$ , $k_{2}+k_{3}=k_{3}+k_{1}=0$
. ,
$k_{2}+k_{3}=0\Rightarrow ik_{3}(b(k-k_{3})-1)^{\wedge}v(k)^{\wedge}v(-k_{3})^{\wedge}v(k_{3})$
$k_{3}+k_{1}=0\Rightarrow ik_{3}(b(-k_{3}+k)-1)v(\wedge-k_{3})v(\wedge k)v(\wedge k_{3})$
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